Aims-The mutual relation of lobular carcinoma in situ (LCIS) and ductal carcinoma in situ (DCIS) of the breast, as accepted precursor lesions of invasive breast cancer, is controversial. Because they display genetic heterogeneity, it is not clear how genetically advanced these entities are and what causes the transition to an invasive carcinoma. Methods-Six cases of LCIS, four of them with associated lobular invasive carcinoma, four cases of intermediately diVerentiated DCIS with an associated invasive lobular carcinoma, and nine cases of intermediately and poorly diVerentiated DCIS with associated ductal invasive carcinoma were investigated by means of comparative genomic hybridisation (CGH) after microdissection and immunohistochemical staining of E-cadherin. Results-LCIS was characterised by a low average rate of copy number changes, no evidence of amplifications, and a high rate of gains and losses of chromosomal material at 1q and 16q, respectively. A high degree of genetic homology with well diVerentiated DCIS was obvious, as reported previously. The cases of intermediately diVerentiated DCIS with associated lobular invasive components and lobular diVerentiation revealed striking homologies, and a significant diVerence of E-cadherin expression. The comparison of preinvasive and invasive breast lesions, irrespective of diVerentiation within the same patient, revealed no specific alteration that might be associated with invasion. Genetic alterations seen in invasive carcinoma were not necessarily seen in the adjacent precursor lesions. Conclusions-These results provide strong evidence that invasive breast cancer is a disease with multiple cytogenetic subclones already present in preinvasive lesions. Moreover, specific CGH alterations associated with invasion were not observed. Furthermore, the close genetic association between well diVerentiated and a subgroup of intermediately diVerentiated DCIS and LCIS led to the hypothesis that LCIS and a subgroup of DCIS are diVerent phenotypic forms of a common genotype. The fact that genetic heterogeneity is a hallmark of invasive breast cancer is reflected by the wide spectrum of histological types and diVerentiation grades in this tumour entity. Ductal carcinoma in situ (DCIS) of the breast and lobular carcinoma in situ (LCIS) have been proposed to be direct precursors of several subgroups of invasive breast cancer. In a recently published study using comparative genomic hybridisation (CGH), we were able to show that DCIS is a genetically advanced entity and, furthermore, that there are at least two genetic pathways along which DCIS can evolve.
The fact that genetic heterogeneity is a hallmark of invasive breast cancer is reflected by the wide spectrum of histological types and diVerentiation grades in this tumour entity. 1 Ductal carcinoma in situ (DCIS) of the breast and lobular carcinoma in situ (LCIS) have been proposed to be direct precursors of several subgroups of invasive breast cancer. In a recently published study using comparative genomic hybridisation (CGH), we were able to show that DCIS is a genetically advanced entity and, furthermore, that there are at least two genetic pathways along which DCIS can evolve. 2 In addition, it was shown that most DCIS and LCIS cases share a common clonal origin with the associated invasive breast cancer. 3 4 However, the exact genetic changes associated with invasion remained unclear.
Morphologically, DCIS resembles, and often coincides with, ductal and related (tubular, cribriform, mucinous) types of invasive breast cancer, and LCIS accompanies lobular invasive carcinomas, suggesting close relations with regard to progression. Nevertheless, it is of interest that 15-25% of cases of DCIS are associated with invasive lobular carcinoma and that an equal proportion of patients diagnosed with LCIS will develop an invasive carcinoma of the ductal subtype over the next 15-20 years. 5 The putative association between those subtypes is nevertheless a matter of debate. A major diVerence between ductal and lobular cancer is the expression pattern of E-cadherin, which is almost completely absent in lobular invasive carcinoma and LCIS. 6 Using a light microscope based microdissection technique and subsequent CGH analysis, we investigated 39 samples from 17 patients with invasive and preinvasive ductal and lobular breast lesions to establish the role of genetic alterations associated with invasion. The association between LCIS, DCIS, and associated invasive carcinoma is discussed in the context of a recently proposed progression model.
Material and methods
Standard protocols were used in classifying breast neoplasms. 7 8 A total of four LCIS cases with associated lobular invasive carcinoma, two isolated LCIS cases, four intermediately diVerentiated DCIS cases with an associated invasive lobular carcinoma, and seven cases of intermediately and poorly diVerentiated DCIS with associated ductal invasive carcinoma grades 2 or 3 were investigated.
Microdissection was performed under a light microsope, using at least 25 10 µm thick sections after haematoxylin staining. Wherever possible, all tumour components were microdissected from the same tumour block. COMPARATIVE GENOMIC HYBRIDISATION CGH analysis and the criteria for the evaluation of copy number changes have been described elsewhere. 2 In brief, 300 ng of tumour DNA was labelled by a standard nick translation reaction with biotin-16-dUTP (Boehringer Mannheim, Mannheim, Germany). In addition, 300 ng of reference DNA from a healthy female donor was labelled with digoxigenin-11-dUTP (Boehringer Mannheim). Labelled DNA fragments were purified from remaining nucleotides by column chromatography (Quiagen, Hilden, Germany). Repetitive sequences were blocked with 40 µg of Cot 1 DNA.
The Cytovision 3.1 (Applied Imaging, Tyne and Wear, UK) software package was applied for digital image analysis and subsequent karyotyping.
E-CADHERIN IMMUNOHISTOCHEMISTRY
Immunohistochemistry was performed according to standard protocols, as described elsewhere. 6 
Results

LOBULAR CARCINOMA IN SITU AND ASSOCIATED LOBULAR CARCINOMA
On average, 2.6 copy number changes were detected in LCIS without evidence of amplifications. Four cases showed a loss of chromosomal material at 16q, whereas losses of 11q were observed in two cases and, only sporadically, losses of 8p, 12p, 12q, and the X chromosome. Gains of 1q were seen in four cases. The transition from LCIS to lobular invasive carcinoma was accompanied by diVerent aberrations in each case, including gains of chromosomal material of 2p, 3q, and 17q, and losses of 1p, 17p, and Xp. E-cadherin expression was weak to absent in all LCIS samples and their associated invasive counterparts.
INTERMEDIATELY DIFFERENTIATED DCIS AND ASSOCIATED CARCINOMA WITH PARTIAL OR COMPLETE LOBULAR DIFFERENTIATION
Three cases of DCIS showed identical profiles to their associated lobular invasive counterparts, one of them being a lobular invasive carcinoma of the pleomorphic subtype. In one case, two seperate localised areas of DCIS and the two associated classic lobular invasive counterparts could be analysed, showing on average 15 alterations, some of which could be demonstrated in all components (losses of 8p, 14q, and 16q and gains of 8q and 12p). The only alterations occurring in the invasive lesion were gains of 7q and 10p. Figure 1 shows details of these alterations.
In three cases, a loss of E-cadherin expression or a weak, diVuse intracytoplasmic staining pattern in the invasive parts could be shown together with an intense membrane bound immunoreactivity in DCIS. In one case, DCIS and lobular invasive carcinoma showed a diVuse, weak, intracytoplasmic staining pattern.
POORLY DIFFERENTIATED DCIS IN CONTRAST TO ITS INVASIVE COUNTERPARTS
Four cases revealed identical profiles in the intraductal and invasive tumour parts. In one case, a normal profile for chromosome 13 could be detected in a DCIS area with a solid growth pattern, whereas 13q was lost in DCIS areas with a cribriform appearance and the invasive counterpart. In one case of a poorly diVerentiated DCIS, a 16q loss was observed that could not be detected in the invasive counterpart. One case showed a high degree of genetic heterogeneity involving chromosomes 3, 6, 7, 12, and 13. An overview of this case is given in fig 1C. 
Discussion
It is generally accepted that DCIS and LCIS are precursor lesions of invasive breast cancer, both probably originating in the terminal ductal lobular unit. Nonetheless, distinguishing between both entities is sometimes diYcult. This raised the question of whether these two tumour entities might have a common precursor. 9 For many years, DCIS was seen as a uniform tumour group. However, clinical and molecular cytogenetic investigations revealed that DCIS might consist of diVerent subgroups, which would justify a more detailed classification. 2 7 10 We were able to demonstrate two diVerent pathways, with the loss of chromosomal material of 16q as a central event in well diVerentiated and intermediately diVerentiated DCIS. 2 These results show a high degree of genetic homology between LCIS and well diVerentiated DCIS and, at least in part, confirm the results of Lu et al. 4 Nevertheless there are controversial results such as the gain of 6q and the loss of 16p material. How far the use of a polymerase chain reaction based DNA enrichment technique (DOP-PCR) contributes to this remains unclear. We interpret our results as important evidence in favour of the hypothesis that LCIS and well diVerentiated DCIS reflect two closely related neoplastic lesions evolving from one neoplastic cell. The loss of E-cadherin expression probably represents a molecular switch to the loosely cohesive growth pattern of LCIS, with a similar cell morphology to that seen in well diVerentiated DCIS.
Against the background of a postulated progression from well diVerentiated DCIS to intermediately diVerentiated DCIS, 2 one could expect that there might be rare cases supporting the hypothesis that intermediately diVerentiated DCIS and invasive lobular carcinoma have a stem cell in common. In four cases of lobular invasive carcinoma, one of them of the pleomorphic subtype, we were able to show that there is a common stem cell origin for the invasive and preinvasive tumour components. This was further substantiated by the fact that lobular invasive carcinoma and intermediately diVerentiated DCIS show a high degree of genetic homology. 11 12 Immunohistochemical staining for E-cadherin in the DCIS component was noteworthy in that it showed a classic membrane bound staining pattern, whereas the invasive part showed a weak, diVuse, intracyto-plasmic reaction. In addition, immunohistochemical investigations regarding p53 and HER-2/neu, as well as ploidy studies using flow cytometry, suggest that a subgroup of non-high grade DCIS cases share other genetic homologies with lobular invasive carcinoma. 7 13 Comparisons of cumulative data from DCIS, LCIS, and invasive breast cancer have yielded that gains of 6q and Xq are associated with intralobular and intraductal growth, respectively. 3 6 Allelic imbalances of 11q13 associated with a more aggressive phenotype have been described in DCIS and LCIS. 2 14 15 Nevertheless, these alterations are not indicative of invasion because they were shown to be present in precursor lesions. Comparing preinvasive and invasive tumour components with CGH within one patient, 2 3 heterogeneous findings were seen. Our investigations demonstrate that, by using CGH as a screening technique for chromosomal copy number changes, the step from intraductal to invasive breast cancer should not be seen as part of a linear progression. With DCIS showing, in some cases, fewer alterations than in invasive breast cancer, we have to postulate DCIS as a clonal proliferation with diVerent cytogenetic subclones. This is in agreement with microsatellite analysis studies demonstrating a clear genetic diversity in preinvasive stages of breast cancer development and, furthermore, less intratumor diversity in carcinomas than in their preinvasive components. 16 The same mechanism can be demonstrated in LCIS, with a loss of the X chromosome in one case of LCIS and a normal CGH ratio profile in the adjacent lobular invasive carcinoma, as shown in fig 1A. It seems unlikely that in LCIS the X chromosome is lost and is gained again during invasion. Therefore, it might be speculated that one of these subclones became invasive while one or more other subclones progressed intraductally. Therefore, progression to invasiveness cannot be attributed to a specific alteration, which is why further research on a sub-CGH level is needed. Interestingly, in one case, a 16q loss has been detected in a poorly diVerentiated DCIS, whereas the associated ductal invasive grade 3 carcinoma did not show any alterations in the CGH profile for this chromosome. This could be interpreted to mean that 16q losses in poorly diVerentiated breast lesions might be a secondary genetic event, as postulated earlier. 12 Evidence exists that the overwhelming number of morphological forms of invasive breast cancer is reflected by specific genetic features. As a result of this, we propose a hypothetical progression model (fig 2) . The underlying mechanism for the coexistence of ductal and lobular preinvasive and invasive tumours seems to be a proliferation of a single cell clone with two diVerent forms of morphological appearance. Further studies will need to show whether transition from LCIS towards ductal invasive carcinoma or from DCIS towards lobular invasive carcinoma is possible. How far this hypothesis can be transferred to poorly diVerentiated tumours with mixed diVerentiation also remains a subject for intense investigation. 
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